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ABSTRACT
The adult social and nonsocial behavior of 8 albino rats, 
isolated from 21 to 70 days of age, were compared with the 
behavior of rats receiving normal social experience. Compar­
isons on a number of behavior categories occurring both in 
the isolation and post-isolation periods were made. Pervasive 
behavior changes as a result of isolation were not found. 
During the period of social deprivation, isolate-reared 
animals exhibited more self-manipulation behaviors than the 
group-reared animals. The finding of sex differences in 
isolation effects on several categories suggested that male 
rats may be more reactive to social deprivation than females. 
Extensive sex differences on a number of categories were 
found. Males engaged in more aggressive activity and were 
generally the more socially active animals; while females 
exhibited higher frequencies of socially passive behaviors.
A comparison of the behavior of group-reared S_s in the 
isolation and post-isolation periods suggested that sex 
differences in social behavior may not appear until sexual 
maturity is reached.
INTRODUCTION
The relationship between early experience and adult 
behavior in the albino rat has received considerable study.
The effects of early handling and shock in reducing adult 
emotionality (Denenberg, 1964) are well known. Other 
variables which have been explored with respect to their 
effects on emotionality include characteristics of mother 
(Ottinger, Denenberg/ and Stephens, 1963; Ader and Belfer, 
1962), number of siblings reared with (Seitz, 1954; Groh, 
1966), social isolation (Moyer and Korn, 1965; Becker, 1969), 
and size of physical environment (Patrick and Laughlin, 1934). 
Changes in brain structure and function and problem solving 
ability have also been shown to be related to environmental 
rearing conditions (Rosenzweig, 1966).
The importance of early experience in the ontogeny of 
social behavior in the albino fat is less clear. A number 
of investigations have examined the effects of social depriva­
tion on adult sexual behavior. Early findings suggested that 
prior social experience is not a necessary condition for 
demonstrating normal sexual activity in either the mature male 
(Beach, 1942; Kagan and Beach, 1953; Larsson, 1956; Beach,
1
21958) or female (Stone, 1926) rat. More recent studies have 
reported changes in male behavior on several copulatory 
measures (Larsson, 1959; Folman and Drori, 1965; Drori and 
Folman, 1967; Dewsbury, 1969). Severe disruptions of 
copulation, resulting both from postweaning social isolation 
(Gerall, Ward, and Gerall, 1967) and from complete social 
isolation from birth (Gruendel and Arnold, 1969), have been 
found. At this point in time it appears that normal adult 
sexual activity of the male rat may depend on preadult inter­
actions with both the mother and siblings (Gruendel and 
Arnold, 1969).
Although recent findings strongly suggest that social 
deprivation disrupts copulatory behavior, similar evidence 
that such deprivation affects maternal behavior is largely 
lacking. Reiss (1954) found that females reared in isolation 
and with no opportunity to manipulate objects built poor 
nests and neglected their young. Eibl-Eibesfeldt (1955) 
failed to replicate Riess1 results and attributed the latter's 
findings to disturbances of the females during lactation and 
not to social isolation or lack of opportunity to manipulate 
objects. In a further study of the effects of social isola-
»
tion on maternal behavior, Thoman and Arnold (1968) reported 
that females who were reared in complete isolation from birth 
demonstrated proper nest building and retrieving behavior and
3good general care of the pups. The pups of these females, 
however, weighed less, exhibited later eye opening, and had 
a lower survival rate than did pups of mothers who had had 
varying degrees of social experience during rearing.
Several studies have investigated the relationship 
between social deprivation and dominance behavior. Measuring 
dominance in a drinking situation, Dolger (1955) concluded 
that rats reared in isolation for 65 days past weaning were 
significantly less dominant than group-reared animals.
Rosen (1961), using a similar test of dominance reported no 
difference between rats isolated for 21 days after weaning 
and control animals. Ward (1968) isolated male rats from 
14 to 90 days of age and found them to be dominant over 
socially reared litter-mates when competing for food. The 
reasons for these contradictory findings are presently not 
clear. The work of Seitz (1954) and Groh (1966) suggests 
that the number of litter-mates a pup is reared with has an 
effect on its later behavior in social situations. Seitz 
found that rats reared in litters of 12 pups ate less, 
hoarded more, and tended to be more successful in competition 
for food than animals reared in groups of six.
Data which relates the quality of early social contacts 
to the development of adult behavior patterns have also been 
presented. In an extensive analysis of the behavior of the
4wild Rattus norvecricus, Calhoun (1962a) reported that the 
number and severity of negative social encounters during 
the postweaning developmental period was a major factor in 
the formation of the dominance status of the rat in the 
colony. Low status, related to many loses in combat en­
counters, was reflected by changes in such behaviors as 
feeding and watering habits, selection of burrow site, 
activity cycles, and reproductive efficiency. In a study of 
albinos living in a relatively large environment, Calhoun 
(1962b) concluded that an increase of the number of adversive 
encounters among his Ss during the course of the study re­
duced the ability of females to carry young to term and to 
care for those that were delivered. The level of adult 
aggression similarly appears to be affected by the outcome 
of adult combat encounters in both the albino (Seward, 1954) 
and brown (Barnett, 1963) varieties of the Norway rat. In 
combat tests between adult males, Seward found that rats 
which lost several bouts tended to become less aggressive and 
were more lihely to lose subsequent bouts.
Although existing data suggests that the adult social 
behavior of the rat is not independent of early experience, 
the relative importance of experiential factors in the general 
social development of this animal cannot be determined at the 
present. Previous deprivation studies have typically
examined rather stereotyped activity patterns that engage 
the rat only periodically and are by no means indicative 
of the complexity of group behavior that occurs in an 
undisturbed colony (Calhoun, 1962a, 1962b; Barnett, 1963).
It seemed possible, then, that the development of other 
behavior patterns such as social grooming and exploration, 
play, contact, and movement activities are more dependent 
upon preadult experience, and, therefore, more sensitive 
to social deprivation treatments.
The present study was initiated in order to study the 
effects of social deprivation on the development of social 
behavior in the albino rat. A second area of interest in 
the current investigation was a partial replication of 
Baenninger's (1967) study of the effects of social depriva­
tion on the development of nonsocial behavior in rats.
The present study represented an extension of previous 
work in two ways. First, the effects of early social 
deprivation on the undisturbed, day-to-day behavior of the 
adult rat as it interacted with a group of siblings were 
examined. Quantitative data concerning the wide range of 
both social and nonsocial behaviors exhibited by the rat 
were gathered by using an observational system adapted from 
the list of acts and postures presented by Grant and Mackin­
tosh (1963). The utility of such an observational system
had previously been demonstrated in the study of the 
development of social and nonsocial behavior (Baenninger, 
1967; Bolles and Woods, 1964) and in the analysis of the 
adult male social behavior of this species (Grant, 1963) . 
Second, sex differences in the frequency of both social and 
nonsocial categories were analyzed, as were differences in 
the sex of the animal to which the social behavior was 
directed. Such analyses were intended to provide an adequate 
representation of the social development of the rat and a 
sensitive indication of the effects of social deprivation.
METHOD
The present study was divided into three periods.
Period I, the preweaning period, extended from the birth 
of the Ss until they were 21 days old; Period II was the 
maturational stage between Day 22 and Day 70. During these 
first two periods, the amount of peer social experience was 
experimentally manipulated. Period III, beginning approxi­
mately on Day 71 and extending through the subsequent 42 
days, was considered as the period of adult behavior.
Subiects— Twenty-four albino Rattus norveaicus rats, 
born from multiparous Harlan/Wistar females, were divided 
into three groups of four males and four females each. Group 
1, the peer deprived (I-R) group; and Group 2, the control 
(G-R) group, served as Ss. Group 3 animals were not tested 
and served only as a source of social stimulation for cage- 
mates to be assigned to other groups during Period III.
Apparatus— During Period I, each S, its mother and 
litter-mates were housed i n a 9 X 7 X 7 i n .  nursing cage.
From the beginning of Period II and extending through Period 
III, all Ss and their litter-mates were housed in 36 X 36 X 
14 in. observation cages constructed of 1/2 in. mesh hardware
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cloth. Both types of cages were equipped with water bottles 
for ad lib watering, and Purina rat chow was continuously 
available on the floor of each cage. In addition, to prevent 
the reoccurence of ring tail observed in the first litters 
of the S^ 's mothers, a mixture of brewer's yeast and water 
and fresh green vegetables were periodically supplied to the 
nursing females during Period I.
The observation cages were suspended on wooden racks, 
with the top of each cage approximately 48 in. from the floor, 
and situated along the walls of rooms maintained at a thermo­
statically controlled temperature of approximately 75 degrees 
F. To reduce visual contact between adjacently housed animals, 
each cage was separated from adjoining ones by opaque parti­
tions . No attempt was made to eliminate auditory and 
olfactory stimulation among Ss.
Throughout all three periods a reversed, 12 hour light- 
dark cycle was" maintained. The day portion of the cycle was 
achieved by an illuminated 300 w. bulb situated above and to 
the rear of each of the observation cages. Illumination 
during the dark cycle came from a 25 w. bulb positioned 
adjacent to each of the 300 w. bulbs. Cycling was controlled 
by an electronic timer.
Procedure— As a basis for assigning pups to treatment 
groups, the pregnant females were individually assigned
numbers from 1 to 24. Selection of pups for sex and groups 
was then completely random.
Period X
At the birth of a litter, all pups were sexed and 
weighed. For Groups 2 and 3, when a male pup was required 
as the S_ from a. particular litter, all pups except the three 
heaviest males and two heaviest females were discarded. The 
three heaviest females and two heaviest males were selected 
when a female S_ was required. The five pups chosen in this 
manner were then reared by their mother in a nursing cage
for the duration of Period I.
The selection for Group 1 was similar to that of Groups 
2 and 3 except that seven pups were retained, the odd pup 
being the sex of the S_ required for that litter. These Ss 
were then housed in nursing cages with their mothers during
Period I. Every second day after birth, one of the seven
pups was removed from the litter. On Day 12, therefore, 
each S in Group 1 was completely isolated from peer contact. 
The sex of the pup removed was systematically determined with 
males being removed first from half the litters of this group 
and females first in the other half. Thereafter, the pups 
were alternately removed on the basis of sex. This depriva­
tion procedure was similar to that of Baenninger (1967) and
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was carried out to reduce the high mortality rate of single- 
pup litters reported by Gruendel and Arnold (1969).
Period II
On Day 21 all pups were weaned from their mothers and 
weighed. For Groups 2 and 3, the heaviest male or female, 
as required, was selected as the S^ for that litter. For 
purposes of identification during observation, the ears and 
tails of the male litter-mates of Group 2 were marked by 
green dye; female litter-mates were similarly marked with 
red dye. The £3 in each litter was identified by the absence 
of markings. The Ss in Group 1 and the Ss and their litter- 
mates in Groups 2 and 3 were then placed in the large 
observation cages described above. To acquire baseline data 
for the development of social and nonsocial behavior during 
the preadult period, observations of Ss in Group 2 were begun 
on Day 22 and extended to Day 63. To test the effects of 
social deprivation on the development of nonsocial behavior 
by comparison with Group 2, the behavior of Group 1 animals 
was similarly observed during Period II. Because the dye 
markings faded rather quickly after application, it was 
necessary to remove the litter-mates from the cages and re­
mark them approximarely every two weeks. At no time during 
the remarking was S handled.
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Period III
To examine the effects of peer deprivation on adult 
social behavior, it was necessary to provide Group 1 Ss 
with two male and two female stimulus animals during Period
III. This provision was accomplished approximately on Day 
70 by introducing to each £3's cage a set of litter-mates 
selected from either Group 2 or Group 3. To control for 
probable disturbance effects in Group 1, a similar rearrange­
ment of litter-mates was carried out with Group 2 Ss. An 
unfamiliar set of litter-mates was introduced into the cage 
with each Group 2 S on Day 70, and these animals were housed 
together throughout Period III. The composition of the litter- 
mate sets during the first two periods was maintained during 
Period III, and, in every case, a male S. was matched with the 
litter-mates of another male £3. The litter-mates of Group 3 
were balanced across Groups 1 and 2 in such a way that the 
litter-mates of two male and two female Group 3 Ss were 
assigned to each of the other groups. In all pairings, S_ 
and the introduced litter-mates were within five days age 
of each other. Group 3 Ss were discarded after this re­
arrangement. During the rearrangement procedure and again 
on Day 112, the weight of each S. was recorded. Observations 
of the social and nonsocial behavior of both Groups 1 and 2
began on the day of rearrangement and extended over the 
subsequent 42 days.
During Period XXI, no attempt was made to interfere 
with normal sexual behavior of either the Ss or their 
litter-mates; however, when a birth occurred, the pups were 
immediately removed from the female and the date of birth 
recorded. Also during this period, it was necessary to 
make several substitutions of litter-mates. A female 
litter-mate of isolate-reared female DR-9 died giving birth 
on Day 111. Group reared male GM-14 was extremely agressive 
toward the litter-mates introduced at the beginning of the 
period and succeeded in killing five of them on Days 84, 93, 
97, 105, and 108. In each of these cases, the dead animals 
were replaced by ones of the same sex and stock and of 
approximately the same age.
Data Collection
During Periods II and III each was observed for one 
15 minute session per day, three days a week. To reduce 
variation in behavior attributable to S_'s activity level, 
all observations were made during the first four hours of 
the dark phase of the light-dark cycle. Data collection 
consisted of the recording of symbols representing different 
behaviors on 8 1/2 X 11 in. data sheets consisting of two
columns of 10 rows each. Nonsocial behavior and behavior 
directed toward both male and female litter-mates were 
scored simultaneously. Entries on the data sheets were 
made in accordance with a tape-recorded man1s voice count­
ing from 0 to 60 with 15 second intervals between each 
number. Each row of the data sheet corresponded to one 15 
second interval, and a maximum score of 60 for each behavior 
category was possible in each 15 minute session. In 
recording data, Os were seated directly in front of and about 
two feet away from S's cage, with 0/s horizontal line of 
sight approximately six inches above the top of the cage.
The data sheets, attached to a clipboard, were held in O's 
lap.
Four Os recorded data in the present study. Estimates 
of inter-observer reliability were determined for each 0 
on each category by having two testers record data on the 
same S_ during the same session. Each O tested with each of 
the others 30 sessions during Period III of the study.
Pearson product moment correlation coefficients were computed 
on paired session totals with each O being considered as the 
x variable and the other Os as the y variable. Estimates of 
overall reliability were obtained by transforming 0 reli­
abilities for each category to Fisher's z scores, computing
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the mean, and transforming back to r.. Correlation 
coefficients for individual Os are presented in Appendix I.
The behavior categories recorded, their definitions, 
and overall reliability coefficients are given below. The 
presence of an asterick indicates that there was an insuffi­
cient number of observations during the reliability sessions 
to warrant an estimate of reliability for that category.
The appearance of the behavior once in at least half the 
sessions was regarded as the minimum criterion for estimating 
reliability. In scoring the behavior of an S^, social be­
havior was considered as behavior directed toward another 
animal of the same species; whereas, nonsocial behavior 
included behavior directed toward the self, an inanimate 
object, 0, or with uncertain orientation. To identify the 
sex of the recipient of S_'s behavior, an activity directed 
toward a male litter-mate was scored in green ink; while a 
female-directed behavior was scored in red. All nonsocial 
categories were recorded in blue.
Social Behaviors
Huddling Maintaining body contact,
exclusive of tail, without whole 
body movement for at least one 15 
second interval r = .99
Nonspecific contact 
Threat
Threat-approach
Biting
Submitting
Dominating 
Boxing position
Boxing
Brushing against or touching an 
animal; always scored with any 
other contact category r. - .97 
Arching of the back accompanied 
by piloerection while oriented 
toward another animal r, - .84 
Slow, sideways movement toward 
another animal while exhibiting 
the threat posture :r = .98 
Self explanatory r. = .99 
Taking a subordinate position 
by leaving the ventral surface 
of the body open to attack or 
by playing dead r. = .90 
Standing with front feet placed 
on submitting animal r. = .92 
Standing on hindfeet while 
oriented toward another animal 
r. = .80
Hitting and pushing another 
animal with forefeet while in 
the boxing position r. = .87
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Fighting
Grooming
Touching noses
Genital nosing
Nosing
Lordosis
Mounting
Intensive wrestling and biting; 
includes both play and agressive 
behavior r. = -30 
Spreading the fur with forefeet 
and/or licking the fur of another 
animal r_ = .91
Sniffing the nose of another 
animal r. = .61
Sniffing the genital area of 
another animal r. = .90 
Sniffing another animal in areas 
other than those covered by the 
above two categories r. = .79 
Displaying the female sexual 
response pattern; includes 
arching of the back, lifting of 
the tail, and flexion of the 
head backwards*
Displaying the male sexual 
response pattern; includes 
placing of forefeet on the back 
of the receiver, rapidly stroking 
the sides and gentle biting of 
the neck of the receiver*
Noncontact play
Manual manipulation
Crawling
Withdraw
Trailing
Nonsocial Behaviors 
Oral manipulation
Manual manipulation
Exploration
17
Rapid chasing or bounding at or 
away from another animal in­
volving a beeline mock attack of 
two or more body lengths or two 
directional changes*
Pulling or pushing another animal 
or part of an animal with feet 
r = .82
Crawling over, under, or against 
another animal r. = .73 
Oriented movement of at least 
one body length away from another 
animal r. = .55
Movement of at least one body 
length in pursuit of another 
animal r_ = .92
Biting the cage or other object 
r_ = .91
Manipulating the cage or other 
object with feet r. = .99 
Exploring the cage; includes 
sniffing on all-fours and in
18
Thigmotaxic movement
Non thigmotaxic movement
Freezing
Resting
Self-play
Carrying
Reflexive behavior
Face self-groom
the boxing position and vibrissae 
movement r_ = .92 
Movement of at least one body 
length parallel to and within 
two inches of cage r. = .91 
Movement of at least one body 
length but not applicable to 
the above category r. = .90 
Remaining completely motionless 
but alert for at least two 
seconds r. = .78
Remaining immobile for at least 
15 seconds in a relaxed, resting 
state r. = .98
Activity meeting the criteria 
for non-contact play without 
social orientation*
Carrying an object in the mouth 
or with forefeet for at least one 
body length r. = .87 
Includes yawning, jerking, and 
righting responses r. = .45 
Hand and face washing routine 
r = .88
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Grooming of anterior regions 
of body; includes both licking 
and rubbing the body with fore­
feet but does not include the 
above category r. = .77 
Grooming of posterior regions 
of body; includes ano-genital 
licking r. = .94 
Self explanatory r_ = .96 
Self explanatory r. = .99 
Self explanatory r. = .97 
Self explanatory*
Biting self; includes carrying 
tail or forefoot in mouth* 
Manipulating tail with forefeet 
or chasing tail*
The last two categories of nonsocial behavior, oral and 
manual self manipulation, were not present in the original 
list and were added only after they were observed during the 
first week of data collection in Period II. Scoring of these 
categories began in the second week of Period II.
Statistical analyses— A mean session score for each 
subject on each category was computed across all 7-day age 
blocks. The data for each category was then subjected to a
Anterior self-groom
Posterior self-groom
Scratching
Eating
Drinking
Defecation
Oral self manipulation 
Manual self manipulation
20
repeated measures analysis of variance, and the .05 level 
of significance was accepted for all tests employed.
The nonsocial data of Periods II and III were separately 
analyzed to test for the effects of rearing condition, sex 
of the S., and age. A similar analysis was performed on the 
recordings of each S/s weight obtained throughout the present 
study. The observations of social behavior of Group 2 during 
Period II were examined for effects of sex of the age, and 
sex of the recipient of £3's behavior. Finally, an analysis 
of each category of social behavior during Period III was 
computed to test for the effects of rearing condition, sex 
of the S., age, and sex of the recipients of S_'s behavior. 
Summary tables for all analyses are presented in Appendix II.
RESULTS
Weicrht Changes
The experimental procedure of social deprivation had 
no effect on weight changes as measured on Days 21, 70, and
112. Age and sex effects and the age x sex interaction, 
however, were significant (p<.01). As Figure 1 indicates, 
sex differences were not observed at weaning, but were pro­
nounced by Day 70.
Nonsocial Behaviors
The only significant rearing condition effects for non­
social behaviors were found for the categories of oral self 
manipulation (p<.01), manual self manipulation (p<.01) , and 
reflexive behavior (p<. 05) during Period II. As may be 
noted in Figure 2, the I-R Ss exhibited higher scores on 
each category. The oral and manual self manipulation be­
haviors had not been observed at the LSU laboratory previous 
to the present study and appeared to be similar to the 
activities of several immediately post-parturient G-R females 
observed in Period III. For a day or two after their newly- 
born pups were removed from them, these females would 
occasionally chase their tails and attempt to carry in their
21
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Figure 1. Weight changes. Males vs. females across age.
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Figure 2. Nonsocial behaviors in Period II. I-R vs. G-R across age.
teeth either a forefoot or their tail bach to the corner 
of the cage where they had given birth. Although the 
behavior patterns appeared to be similar, the movements 
of the 1-R animals seemed much more rapid and jerky, and 
the carrying behavior, when present, did not appear to be 
directed at any particular spot in the cage. Although both 
jerking and yawning were scored under the category of reflex 
ive behavior, the differences between the treatment groups 
was likely a reflection of the higher incidence of shaking 
and other convulsive activity exhibited by the I-R Ss. 
Significant treatment effects for the self manipulation 
categories and reflexive behaviors were absent in Period III
The data for scratching and posterior self-groom during 
Period II are graphically presented in Figure 3. Both 
categories showed a significant increase across age blocks 
{p<.05). Similar age changes for the other two grooming 
categories, face washing and anterior self-groom were not 
found.
During Period III an inverse relationship across age 
was found between the two nonsocial movement categories, 
thigmotaxic and nonthigmotaxic movement, and resting, a zero 
movement category. The age effect for each of these cate­
gories was significant (p<.05). (See Figure 4). The effect
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Figure 3. Nonsocial grooming in Period II. I-R vs. G-R across age.
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of sex also reached significance (p<. 05) with females scoring 
higher for nonthigmotaxic movement than males.
Social Behaviors in Period II
Analyses of social categories for Group 2 Ss during 
Period II resulted in few significant findings. The effect 
of the sex of the recipient of S_'s social behavior was found 
to be significant for submission (p<.05). As Figure 5 
indicates, the £3, regardless of whether a male or female, 
submitted to males more than females. There were also 
recipient differences for genital nosing (p<.05), with 
females being the object of this' behavior more than males 
(See Figure 5).
An analysis of the huddling category revealed that 
there was a tendency for Ss of both sexes to huddle with 
litter-mates of the opposite sex (p<. 05). This sex x 
recipient interaction is presented in Figure 6. Differences 
in both sex and recipient across age resulted in significant 
recipient x age (p<.05) and sex x recipient x age (p<.05) 
interactions for this category (See Figures 7 and 8).
Social Behaviors in Period III
The three categories of sexual behavior investigated 
in the present study were mounting, lordosis, and genital 
nosing. Significant sex effects (pC05) were found for all
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Figure 5. Social behaviors for Group 2 in Period II. 
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three of these categories in Period III. Furthermore, 
significant recipient effects and sex x recipient interac­
tions were found for genital nosing (p<.01) and mounting 
{p<.05). As may be noted in Figure 9, males engaged in more 
genital nosing than females, while mounting and lordosis 
were exclusively male and female activities, respectively.
It may also be noted in Figure 9 that typically these be­
haviors were directed toward a cage-mate of the opposite sex. 
A tendency for the genital nosing scores to drop across age 
resulted in a significant age effect (p<.05) for that 
behavior. An almost complete absence of observations of 
lordosis in the I-R group yielded a significant rearing 
condition (p<.05) and condition x sex interaction (p<.05). 
Birth records of the female Ss, however, indicated that three 
of the four I-R females gave birth within 25 days of the 
introduction of male cage-mates at the beginning of Period 
III. For the other I-R female, parturition did not occur 
until after 62 days of contact with males. All G-R females 
gave birth within 21 days after the beginning of Period III.
Seven categories of aggressive behavior were examined; 
threat, threat-approach, boxing, boxing position, dominating, 
submitting, and biting. Analyses of threat and biting 
resulted in no significant findings. A significant condition 
effect, however, was found for dominating (p<.0l), with I-R
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£s scoring higher than G-R animals. The condition x sex x 
recipient interaction for this category was also significant 
(p^. 01) . These data, presented in Figure 10, suggested that 
the I-R males dominated their litter-mates more than the G-R 
males. I-R males, moreover, dominated their male and female 
cage-mates approximately an equal number of times, while the 
females tended to dominate females more than males. Both 
male and female Ss in the G-R group, however, dominated 
females more than males. Significant condition x recipient 
(p<.05) and condition x sex x recipient (p<.05) interactions 
were found for the category of boxing. From Figures 11 and 
12 it can be noted that social deprivation increased the 
incidence of boxing only for the males in the I-R group and 
that this increase was directed toward male cage-mates.
A further examination of the data for the categories of 
aggression revealed significant effects of sex and recipient 
for submitting (p<,05), dominating (p<.01), boxing position 
(p<.05), and boxing (p<.01) and significant sex effects for 
threat-approach (p<.05). Furthermore, the sex x recipient 
interaction reached significance for the categories of threat- 
approach (p<.05), boxing position (p<.01) , and boxing (p<.01). 
Figures 13 and 14 indicate that males scored higher than the 
females on the dominating category and that more dominant 
behavior was directed toward female recipients. As would be
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expected from the results of the dominating category, 
females were found to submit more than males, and this 
submitting was more often in response to a male actor.
The sex x recipient interactions for threat-approach, 
boxing position, and boxing are presented in Figure 15.
Males were observed to engage in all three of these 
activities more often than females, and males were more 
often the recipient of these behaviors. Females tended 
to direct these behaviors to males and females with equal 
frequency. The sex x age interaction for threat-approach 
is plotted in Figure 16. Boxing was found to decrease 
with age during Period III (p<;.05) .
Analyses of the social movement categories of withdraw 
and trailing revealed that Ss of both sexes withdrew from 
males more than from females (p<.05) and, similarly, that 
males engaged in more trailing behavior than females (pc.Ol) 
An inverse relationship between scores on trailing and age 
was also found (p<.05). Sex is plotted across age for trail 
ing in Figure 17.
Sex differences were found for both social exploration 
categories of nosing (p<.01) and touching noses (p<;.01) . On 
each category males scored higher than females. Scores for 
nosing were also found to decrease with age (p<.01).
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Figure 16. Threat Approach in Period III. Males vs. 
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Figure 17. Trailing in Period III. Males vs. females 
across age.
An examination of the social contact categories re­
vealed an inverse relationship with age for nonspecific 
contact (p<C.05). Males made more social contacts than 
females, as was indicated by a. significant sex effect for 
nonspecific contact (p<-05). I-R Ss, furthermore, had 
lower scores on this category than G-R Ss (p<;.05) . An 
inverse relationship between age and scores on crawling 
(p<.05) was also found, as was a significant sex s recipient 
x age interaction (p<.05). A significant condition x 
recipient interaction (pc.05) indicated that I-R Ss crawled 
more against females than males, while no difference in 
object was observed for Ss in the G-R group (See Figure 18). 
Significant condition x sex x recipient interactions were 
found for huddling (p<.01) and nonspecific contact (p<,.01) .
It may be noted in Figure 19 that both males and females in 
the I-R group huddled more with cage-mates of the opposite 
sex. In the G-R group, however, males were observed to 
huddle with males more often than females, and no differences 
in the sex of the recipient of the female's huddling were 
indicated. Figure 20 shows that G-R males exhibited more 
nonspecific contact with male litter-mates than females, 
while male nonspecific contact in the I-R group was observed 
equally often with members of both sexes. I-R females,
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Figure 19. Huddling in Period III. Condition x sex x recipient interaction.
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Figure 20. Nonspecific contact in Period III. Condition x sex x recipient 
interaction.
however, tended to come into contact more often with males; 
while G-R females tended to touch females more.
Significant sex (p<.05), recipient (p<.05) , and sex x 
recipient (p-^ .05) effects for grooming were found. These 
data, presented in Figure 21, indicated that males groomed 
more than females and that females were more often the 
recipient of this behavior. Males, however, were observed 
to groom members of both sexes about the same number of 
times, while females directed this behavior toward females 
more often than males. The plotting of the significant 
condition x sex interaction (p<.05), furthermore, revealed 
that I-R males groomed more often than either I-R females 
or G-R Ss of either sex. No such sex differences were found 
for the G-R group (See Figure 22). A significant condition 
effect (pc.05) for the other social manipulation category, 
manual manipulation, indicated that Ss in the I-R group 
manipulated their cage-mates more than the G-R Ss. This 
behavior was also found to be directed more often to females 
(p<.05) and to decrease across age (p<.01).
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DISCUSSION
Although reports have been made that rats reared in 
isolation weigh both more (Dolger, 1955) and less (Gruendel 
and Arnold, 1969) than group-reared ones, the failure of 
the present study to find a significant difference between 
the weights of the I-R and G-R Ss is consistent with the 
findings of Baenninger (1968) and Thoman and Arnold (1967).
In her study of the effects of social isolation on the 
development of nonsocial behavior in the rat, Baenninger 
(1967) found significant differences between isolate- and 
group-reared Ss on the categories of sleep and rest, 
attentive immobility, exploratory locomotion, pawing behavior, 
oral consummatory behavior, and tail manipulation. These 
results appear to be in contradiction with the findings of 
limited effects of social isolation on nonsocial behavior in 
the present study. A close examination of Baenninger1s data, 
however, revealed that certain procedural differences between 
the two studies could account for many of the apparent incon­
sistencies .
The only behavior category, on which agreement was 
found, was Baenninger1s tail manipulation. This category
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corresponded to both the oral and manual self manipulation 
behaviors of the present study. In both investigations 
socially deprived animals were found to exhibit this behavior 
more often than group-reared ones. Moreover, Baenninger's 
finding that scores for tail manipulation peaked at 30 to 
36 days closely paralleled the data for the self manipulation 
categories of the present study. It should be noted that 
manual and oral self manipulation were post hoc categories 
in the present study and that no reliability evaluation was 
available for these categories.
Baenninger (1967) suggested that social responses such 
as grooming, chasing, and sniffing were made to the rat's 
own tail because the tail was the only "stimulus that moves 
in relation to the environment with apparent spontaneity."
The similarity between tail manipulation behavior observed 
in isolated rates and the activity of lactating females 
observed in the present study and in Weisner and Sheard (1934) 
should receive further examination. A comparison of the 
development of tail manipulation in isolates and play behavior 
in group-reared animals might also be helpful in understanding 
the former activity. Baenninger's data indicated that the 
frequency of tail manipulation peaked in her isolated Ss just 
after the frequency of run and jump behaviors peaked in her 
group-reared animals. It is possible that tail manipulation
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represents a displacement of the play behavior that shows 
the highest incidence between eye opening and sexual 
maturity.
Treatment differences appearing for Baenninger's (1967) 
sleep and rest, exploratory locomotion, and oral consummatory 
behavior were not found for the corresponding categories of 
rest, thigmotaxic movement, nonthigmotaxic movement, eating, 
and drinking in the current study. These disparate results, 
however, can likely be explained by the differences in the 
ranges of age explored. The Ss in the former study were 
observed from the age of 3 days to day 92, but in the present 
study data collection was not begun until day 21. As 
Baenninger notes, the treatment differences for the sleep and 
rest and exploratory locomotion categories were largely a 
result of observations made before day 22. Furthermore, the 
largest group differences for oral consummatory behavior 
occurred from day 65 to day 92, an age range corresponding 
to the first three weeks of Period III in the present study. 
Because of the disagreement in category definitions, the 
significant treatment effects for attentive immobility and 
pawing behavior reported by Baenninger are difficult to 
evaluate by comparison with the current data; although it 
might be noted that treatment group differences for freezing, 
though not significant, were in the direction of Baenninger's
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significant result of attentive immobility. The failure 
of Baenninger's analysis to yield a significant treatment 
effect for convulsive behavior is not consistent with the 
finding of such an effect for reflexive behavior in the 
present study. However, the low reliability of the reflex­
ive behavior score makes this difference hard to evaluate.
Baenninger (1967) also reported significant age effects 
for every major category of nonsocial behavior. The failure 
to find similar widespread age relationships was surprising 
and probably a result of the restricted age interval examined.
Pervasive effects of social deprivation on the adult 
social behavior of the rat were not found in the present 
study; however, several relationships between rearing con­
dition and social categories in Period III deserve note.
If dominance behavior is an indication of aggression in rats 
as Hall and Klein (1942) suggested, the finding that I-R Ss 
made more dominating and boxing responses than G-R animals 
is consistent with the findings of Uyeno and White (1967), 
with rats, and Mason (1960), with monkeys, that animals 
reared in social isolation are more agressive than ones 
reared with normal social contact. The interactions of 
condition with sex and recipient for the categories of 
dominating and boxing suggest, furthermore, that the aggres­
sive behavior of the male rat may be more sensitive to social
deprivation treatments than that of the female. When the 
same interactions of condition with sex and recipient were 
considered for the contactual categories of nonspecific 
contact and huddling, a complex relationship between early 
social experience and adult social behavior became evident. 
While males in the I-R group displayed less contactual be­
havior to male recipients than their G-R counterparts, the 
same I-R males responded aggressively to male cage-mates more 
often G-R males. A similar relationship for I-R females was 
not evident. This interpretation was not supported by the 
findings that males I-R Ss groomed male recipients more than 
female ones. The data for grooming in the present study, 
however, did not distinguish between aggressive and non- 
aggressive grooming (See Baenninger, 1967), and the possibility 
that the significant condition x sex interaction for social 
grooming was due to more aggressive grooming of males by I-R 
Ss should not be overlooked.
Although the current evidence for greater reactivity to 
social deprivation for male albino rats is weak, it is sup­
ported by Sawrey and Long (1962) and Ader (1962). Both of 
these studies reported that male rats reacted to conflict 
situations with a higher frequency of ulcers than females.
The sex differences in reactivity observed in the present 
study could have been a result of innate sex differences in
brain function (Levine, 1966), differences in the importance 
of environmental variables in shaping social behavior, the 
greater social activity of the male, or some other factor. 
Whatever the cause, the operation of sex differences in 
deprivation studies with rats should receive more attention. 
Previous deprivation studies and normative developmental 
studies (Rosenblatt and Lehrman, 1963) have not considered 
the possibility of such differencesr however, the present 
data suggests that sex differences must be considered before 
the determinants of rat social behavior can be understood.
The analyses of sex and recipient effects for social 
categories in Period III indicated that the adult male rat 
is much more socially active than the adult female, a result 
similar to that reported by Harlow (1962) for infant monkeys. 
This finding was true for social categories of aggression, 
contact, movement, grooming, and investigation. Females, on 
the other hand, engaged more in passive behaviors, as is 
evidenced by the findings that females submitted more than 
males and were more often the recipient of grooming behavior.
The absence of extensive sex differences for social be­
haviors in Period II as compared with Period III suggests 
that the differentiation of social behavior into male and 
female roles does not take place until sexual maturity. Such 
an interpretation is in contrast to the marked sexual
differences observed in infant monkeys (Harlow, 1962). Of 
course a larger nuniber of social subjects in Period II would 
have yielded data more sensitive to small or less consistent 
sex differences.
At the onset of the present study, it was feared that 
sex differences might occur in Period III as a result of 
decreases in activity associated with the last few days of 
pregnancy (See Rosenblatt and Lehrman, 1963) . The absence 
of significant sex differences on the categories of non­
social movement behavior during this period render this 
interpretation untenable, however. There is also the 
possibility that the widespread sex differences for social 
categories found in the present study were due to the 
development of territoriality in the male S_s rather than 
sex per se. The Ss in Period III were housed in the same 
observation cages as in Period II. Each S^, then, had the 
opportunity during Period II to establish his home cage as 
a territory. That male albinos establish and defend 
territory has been reported by Davis (1935), although Hall 
and Klein (1942) presented contradictory data. G-R male 
GM-14 apparently did establish a territory, as was evidenced 
by his killing of five male cage-mates during Period III. 
Calhoun (1962a), moreover, reported that territoriality in 
the wild rat is principally a behavior of the male; females
exhibit territorial defense behaviors only while nursing 
litters. If territoriality was present only in the male Ss 
in the current study, a basis for sex differences would exist. 
For example, the high scores observed for males on aggression 
categories might be related to territorial defense. Had the 
data been collected on the cage-mates rather than the Ss, sex
differences on many of the social categories may have been
different or nonexistent.
The present study suggests several important considera­
tions to be employed by students of social behavior and 
development in the rat. It is clear that the sex of the 
animal and the sex of his associates influences his behavior. 
This is particularly evident in the adult animal. The results 
of the present investigation add to other suggestions that 
the sex of a subject is related to the animal's sensitivity 
to environmental variation. Thus, while female subjects add 
to variability in data/ they may also add to the generality
of conclusions based on these data.
Social deprivation does not appear to have the pervasive 
destructive influence on the rats' social behavior repertoire 
that is observed in some primates. The present study does 
present data, particularly with respect to aggressive be­
havior, which are consistent with the results of limited 
isolation in monkeys. The investigator studying social
behavior in any species is compelled to seriously consider 
the past experience of his subjects and to be alert to the 
possible influences of these experiences.
SUMMARY
The adult social and nonsocial behavior of 8 albino rats, 
isolated from 21 to 70 days of age, were compared with the 
behavior of rats receiving normal social experience. Compar­
isons on a number of behavior categories occurring both in the 
isolation and post-isolation periods were made.
Pervasive behavior changes as a result of isolation were 
not found. During the period of social deprivation, isolate- 
reared animals exhibited more self-manipulation behaviors 
than the group-reared animals. The finding of sex differ­
ences in isolation effects on several categories suggested 
that male rats may be more reactive to social deprivation 
than females.
Extensive sex differences on a number of categories 
were found. Males engaged in more aggressive activity and 
were generally the more socially active animals; while 
females exhibited higher frequencies of socially passive 
behaviors. A comparison of the behavior of group-reared Ss 
in the isolation and post-isolation periods suggested that 
sex differences in social behavior may not appear until 
sexual maturity is reached.
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APPENDIX I
Category reliability coefficients for each 0. "M"
following a category name indicates that the behavior was 
directed toward a male cagemate; "F" following a category 
name indicated that the behavior was directed toward a 
female cagemate. Where no coefficient is given for a 
particular 0, the behavior did not occur frequently enough 
for an estimate of reliability to be made.
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Observer
Behavior Category
Social Behaviors 
Huddling-M 
Huddling-F
Nonspecific Contact-M 
Nonspecific Contact-F 
Threat-M 
Threat-F
Threat-Approach-M
Threat-Approach-F
Bite-M
Bite-F
Submission-M
Submission-F
Dominate-M
Dominate-F
Boxing Position-M
Boxing Position-F
Boxing-M
Boxing-F
Fighting-M
Fighting-F
BS PH DH DD
.99 .94 .99
00• .99 .99 .98
.99 .98 .98 .98
.93 .98 .97 .94
.68 .69 .72 .81
.61 .98 .94
.99 .96
COCTl• .99
in00■ .93 .91
• 00 .96 .84
.90 .96 .46 .93
00 00 .85 .76
.87 .54 .96 .91
.44
67
Grooming-M
Grooming-F
Touching Noses-M
Touching Noses-F
Genital Nosing-M
Genital Nosing-F
Nosing-M
Nosing-F
Lordosis-M
Lordosis-F
Mounting-M
Mounting-F
Noncontact Play-M
Noncontact Play-F
Manual Manipulation
Manual Manipulation
Crawling-M
Crawling-F
Withdraw-M
Withdraw-F
Trailing-M
Trailing-F
PS PH DH DD
.93 .89
.90 .94 .83 .91
t"-00■ .54 .69 .70
.52 .42 .24 . 62
.95 .79 .90 .90
.87 .79 .68 .80
.78 .79 .71 .82
■M
■F
,84
,94
, 66 
,77 
.61
.69
.90
.75
.80
.80
.80
55
.91 ,93
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Nonsocial Behaviors
BS PH DH DD
Oral Manipulation .91 .89 .88 .94
Manual Manipulation .99 .98 .99 .99
Exploration .88 .94 .89 .94
Thigmotaxic Movement .85 .91 .91 .95
Nonthigmotaxic Movement .95 .84 .85 .92
Freezing .85 .92 .74 .39
Resting
Self-Play
.99 .97 .97 .97
Carrying .85 .90 .75 .93
Reflexive Behavior .41 .48 .39 .49
Face Self-Groom .91 .82 .87 .90
Anterior Self-Groom .76 .80 .67 .83
Posterior Self-Groom .95 .96 .88 .95
Scratching
Defecation-TJrination
.95 .98 .96 .96
Eating .99 .99 .99 .99
Drinking
Oral Self-Manipulation 
Manual Self-Manipulation
.95 .98 .95 .98
APPENDIX II 
SUMMARY TABLES FOR ANALYSES OF VARIANCE
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Nonsocial Behaviors in Period II
Exploration
Source df SS MS P
Rearing Condition 1 314.867 314.867 3.510
Sex 1 68.094 68.094 0.759
C x S 1 221.445 221.445 2.469
Ss/C x S 12 1076.500 89.708
Age 5 330.418 66.084 1.054
C x A 5 141.980 28.396 0.453
S x A 5 51.316 10.263 0.164
R x S x A 5 385.082 7.016 1.228
Ss/R x S x A 60 3761.113 62.719
Total 95 6352.762
Eating
Source df SS MS P
Rearing Condition 1 89.730 89.730 1.009
Sex 1 434.328 434.328 4.883
C x S 1 318.535 318.535 3.581
s s / c  x s 12 1067.355 88.946
Age 5 320.242 64.048 0.947
C x A 5 532.293 106.459 1.575
S x A 5 529.484 105.897 1.567
R x S x A 5 314.738 62.948 0.931
Ss/R x S x A 60 4055.953 67.599
Total 95 7662.660
Drinking
Source df SS MS F
Rearing Condition 1 0.008 0.008 0.00
Sex 1 37.127 37.127 1.645
C x S 1 36.186 36.186 1.603
Ss/C x S 12 270.905 22.575
Age 5 64.276 12.855 1.693
C x A 5 7.061 1.412 0.186
S x A 5 35.479 7.096 0.935
R x S x A 5 70.634 14.127 1.861
Ss/R x S x A 
Total
60
95
Carrying
455.561
977.236
7.593
Source df SS MS F
Rearing Condition 1 0.031 0.031 0.014
Sex 1 0.610 0.610 0.264
C x S 1 0.093 0.093 0.040
Ss/C x S 12 27.659 2.305
Age 5 3 .221 0.644 0.977
C x A 5 5.172 1.034 1.569
S x A 5 5.516 1.103 1.673
R x S x A 5 6.298 1.260 1.911
Ss/R x S x A 60 39.556 0.659
Total 95 88.157
Freezing
Source df SS MS F
Rearing Condition 1 724.678 724.678 2.932
Sex 1 351.823 351.823 1.423
C x S 1 131.515 131.515 0.532
Ss/C x S 12 2965.848 347.154
Age 5 230.815 46.163 4.511
C x A 5 54.034 10.807 1.056
S x A 5 73.787 14.757 1.442
R x S x A 5 63.754 12.751 1.246
Ss/R x S x A 60 614.035 10.234
Total 95 5210.285
Thigmotaxic Movement
Source df SS MS F
Rearing Condition 1 23.652 23 .652 0.333
Sex 1 372.820 372.820 5.248
C x S 1 35.266 35.266 0.496
Ss/C x S 12 852.430 71.036
Age 5 65.316 13.063 ■ 0.474
C x A 5 100.449 20.090 0.728
S x A 5 35.938 7.188 0.261
R x S x A 5 161.371 32.274 1.170
Ss/R x S x A 60 1655.133 27.586
Total 95 3302.375
Nonthigmotaxic Movement
Source df SS MS P
Rearing Condition 1 328.228 328.228 3.064
Sex 1 63.656 63.656 0.594
C x s 1 10.781 10.781 0.101
Ss/C x s 12 1285.355 107.113
Age 5 16.952 3.390 0.278
C x A 5 40.622 8.124 0.667
S x A 5 40.507 8.101 0.665
R x S x A 5 43.407 8.681 0.713
Ss/R x S x A 60 730.684 12.178
Total 95 2560.193
Manual Self-Manipulation
Source df SS MS F
Rearing Condition 1 23.960 23.960 23.921
Sex 1 4.446 4.446 4.439
C x S 1 3.888 3.888 3.882
Ss/C x S 12 12.020 1.002
Age 5 13.912 2.782 3.252
C x A 5 13.819 2.764 3.230
S x A 5 2.092 0.418 0.489
R x S x A 5 2.205 0.44. 0.515
Ss/R x S x A 60 51.337 0.856
Total 95 127.678
Oral Self-Manipulation
Source df SS MS F
Rearing Condition 1 35.054 35.054 14.300
Sex 1 0.903 0.903 0.368
C x S 1 0.907 0.907 0.370
Ss/C x S 12 29.417 2.451
Age 5 18.784 3.757 2.517
C x A 5 19.806 3 .961 2 .654
S x A 5 8.094 1.619 1.085
R x S x A 5 5.244 1.049 0.703
Ss/R x S x A 60 89.546 1.492
Total 95 207.754
Reflexive Behavior
Source df SS MS F
Rearing Condition 1 171.524 171.524 7.354
Sex 1 0.062 0.062 0.003
C x S 1 1.757 1.757 0.075
Ss/C x S 12 279.891 23.324
Age 5 11.773 2.355 1.071
C x A 5 11.512 2.302 1.047
S x A 5 13.169 2.634 1.198
R x S x A 5 19.049 3.810 1.732
Ss/R x S x A 60 131.947 2.199
Total 95 640.683
Defecation
Source df SS MS
Rearing Condition 1 0.035 0.035 0.485
Sex 1 0.105 0.105 1.480
C x s 1 0.275 0.275 3.868
Ss/C x S 12 0.854 0.071
Age 5 0.294 0.059 1.205
C x A 5 0.342 0.068 1.401
S x A 5 0.290 0.058 1.189
R x S x A 5 0.222 0.044 0.911
Ss/R x S x A 60 2.926 0.049
Total 95 5.343
Scratching
Source df SS MS F
Rearing Condition 1 124.473 124.473 1.464
Sex 1 27.434 27.434 0.323
C x S 1 77.074 77.074 0.907
Ss/C X S 12 1020.012 85.001
Age 5 656.070 131.214 8.493
C x A 5 101.609 20.322 1.315
S x A 5 159.922 31.984 2.070
R x S x A 5 132.762 26.552 1.719
Ss/R x S x A 60 926.996 15.450
Total 95 3226.352
Posterior Self-Groom
Source df SS MS P
Rearing Condition 1 48.684 48.684 0.669
Sex 1 82.480 82.480 1.134
C x S 1 173.453 173.453 2 .384
Ss/C x S 12 873.070 72.756
Age 5 940.461 188.092 6.657
C x A 5 177.035 35.407 1.253
S x A 5 201.262 40.252 1.425
R X S x A 5 16.441 3.288 0.116
Ss/R x S x A 60 1695.398 28.257
Total 95 4208.285
Anterior Self--Groom
Source df SS MS F
Rearing Condition 1 1.009 1.009 0.585
Sex 1 0.240 0.240 0.139
C x S 1 1.450 1.450 0.841
Ss/C X  s 12 20.706 1.725
Age 5 4.132 0.826 0.593
C x A 5 2.796 0.559 0.401
S x A 5 13.406 2.681 1.924
R x S x A 5 8.349 1.670 1.198
Ss/R x S x A 60 83.629 1.394
Total 95 135.717
Pace Self-Groom
Source df SS MS P
Rearing Condition 1 25.516 25.516 1.226
Sex 1 0.005 0.005 0.000
C x S 1 60.338 60.338 2.900
Ss/C x S 12 249.694 20.808
Age 5 61.606 12 .321 1.995
C x A 5 28.249 5.650 0.915
S x A 5 16.471 3 .294 0.533
R x S x A 5 19.157 3.831 0.620
Ss/R x S x A 60 370.646 6.177
Total 95 831.683
Resting
Source df SS MS F
Rearing Condition 1 200.012 200.012 1.650
Sex 1 137.969 137.969 1.138
C x S 1 132.734 132.734 1.095
Ss/C x S 12 1454.266 121.189
Age 5 628.723 125.745 0.999
C x A 5 488.293 97.659 0.776
S x A 5 122.023 24.405 0.194
R x S x A 5 992.273 198.455 1.576
Ss/R x S x A 60 7555.469 125.924
Total 95 11711.760
Self-Play
Source df SS MS F
Rearing Condition 1 5.665 5.665 1.143
Sex 1 5.990 5.990 1.208
C x s 1 0.667 0.667 0.134
Ss/C x S 12 59.486 4.957
Age 5 5.719 1.144 0.895
C x A 5 6.450 1.290 1.009
S x A 5 6.859 1.3 72 1.074
R x S x A 5 6.639 1.328 1.039
Ss/R x S x A 60 76.672 1.278
Total 95 174.146
Manual Manipulation
Source df SS MS F
Rearing Condition 1 259.363 259.363 2.203
Sex 1 285.359 285.359 2 .424
C x S 1 262.785 262.785 2.232
Ss/c x s 12 1412.941 117.745
Age 5 325.133 65.027 0.941
C x A 5 692.039 138.408 2.003
S x A 5 495.879 99.176 1.435
R x S x A 5 311.484 62 .297 0.902
Ss/R x S x A 60 4146.207 69.103
Total 95 8191.191
Oral Manipulation
Source df SS MS F
Rearing Condition 1 9.513 9.513 0.553
Sex 1 67.402 67.402 3.916
C x S 1 5.472 5.472 0.318
Ss/C x S 12 206.545 17.212
Age 5 76.168 15.234 2.071
C x A 5 54.860 10.972 1.491
S x A 5 13.724 2.745 0.373
R X S x A 5 51.357 10.271 1.396
Ss/R x S x A 60 441.389 7.356
Total 95 926.429
Social Behaviors for Group 2_ in Period XX
Huddling
Source df SS MS P
Sex 1 267.773 267.773 1.725
Ss/Groups 6 931.514 155.252
Age 5 671.676 134.335 0.870
S x A 5 197.260 39.452 0.255
Ss/S x A 30 4632.574 154.419
Recipient 1 0.057 0.057 0.011
S x R 1 48.659 48.659 9.599
Ss/S x R 6 30.414 5.069
A x R 5 122.198 24.439 4.111
S x A x R 5 114.432 22.886 3.849
Ss/S x A x R 30 178.362 5.945
Total 95 7194.930
Nonspecific Contact
Source df SS MS F
Sex 1 262.438 262.438 0.771
Ss/Groups 6 2043.625 340.604
Age 5 798.313 159.662 1.876
S x A 5 110.438 22.087 0.260
Ss/S x A 30 2553.438 85.115
Recipient 1 4.313 4.313 0.083
S x R 1 11.438 11.438 0.220
Ss/S x R 6 311.563 51.927
A x R 5 421.938 84.387 2.151
S x A x R 5 58.438 11.688 0.298
Ss/S x A x R 30 1176.688 39.223
Total 95 7752.625
Nosing
Source df SS MS F
Sex 1 4.904 4.904 0.202
Ss/Groups 6 145.458 24.243
Age 5 12.440 2.488 0.140
S x A 5 61.368 12.274 0.693
Ss/S x A 30 531.646 17.722
Recipient 1 2.575 2 .575 0.800
S x R 1 1.753 1.753 0.544
Ss/S x R 6 19.315 3.219
A x R 5 16.221 3.244 1.588
S x A x R 5 13.109 2.622 1.283
Ss/S x A x R 30 61.292 2.043
Total 95 870.103
Threat
Source df SS MS F
Sex 1 0.056 0.056 0.990
Ss/Groups 6 0.340 0.057
Age 5 0.771 0.154 2.008
S x A 5 0.089 0.018 0.231
Ss/S x A 30 2.303 0.077
Recipient 1 0.029 0.029 1.002
S x R 1 0.010 0.010 0.364
Ss/S x R 6 0.172 0.029
A x R 5 0.089 0.018 0.709
S x A x R 5 0.107 0.021 0.855
Ss/S x A x R 30 0.750 0.025
Total 95 4.715
Thr e a t - Appr o ach
Source df SS MS F
Sex 1 0.297 0.297 3.003
Ss/Groups 6 0.594 0.099
Age 5 0.098 0.020 0.260
S x A 5 0.299 0.060 0.794
Ss/S x A 30 2.263 0.075
Recipient 1 0.005 0.005 0.268
S x R 1 0.005 0.005 0.268
Ss/S x R 6 0.101 0.017
A x R 5 0.204 0.041 0.693
S x A x R 5 0.369 0.074 1.253
Ss/S x A x R 30 1.768 0.059
Total 95 6.003
Crawling
Source df SS MS F
Sex 1 0.668 0.668 0.790
Ss/Groups 6 5.076 0.846
Age 5 5.236 1.047 1.797
S x A 5 1.356 0.271 0.466
Ss/S x A 30 17.477 0.583
Recipient 1 0.167 0.167 0.937
S x R 1 0.911 0.911 5.096
Ss/S x R 6 1.072 0.179
A x R 5 0.153 0.031 0.152
S x A x R 5 1.021 0.204 1.016
Ss/S x A x R 30 6.026 0.201
Total 95 39.163
Withdraw
Source df SS MS P
Sex 1 19.269 19.269 2.088
Ss/Groups 6 55.381 9.230
Age 5 17.708 3.542 1.252
S x A 5 8.803 1.761 0.623
Ss/S X A 30 84.834 2.828
Recipient 1 8.384 8.384 6.670
S x R 1 0.060 0.060 0.047
Ss/S x R 6 7.542 1.257
A x R 5 4.286 0.857 1.020
S x A x R 5 2.063 0.413 0.491
Ss/S x A x R 30 25.217 0.841
Total 95 233.547
Bite
Source df SS MS F
Sex 1 15.585 15.585 5.539
Ss/Groups 6 16.883 2.814
Age 5 8.611 1.722 0.741
S x A 5 2 .424 0.485 0.209
Ss/S x A 30 69.708 2.324
Recipient 1 0.375 0.375 0.533
S x R 1 2.036 2.036 2.897
Ss/S x R 6 4.217 0.703
A x R 5 2.687 0.537 1.494
S x A x R 5 2.434 0.487 1.354
Ss/S x A x R 30 10.789 0.360
Total 95 13 5.749
Submission
Source d f SS MS F
Sex 1 1.179 1.179 0.116
Ss/Groups 6 60.761 10.127
Age 5 3.751 0.750 0.252
S x A 5 10.060 2.012 0.675
Ss/S x A 30 89.457 2.982
Recipient 1 24.705 24.705 9.425
S x R 1 3.643 3.643 1.390
Ss/S x R 6 15.728 2.621
A x R 5 8.930 1.786 1.924
S x A x R 5 7.133 1.427 1.537
Ss/S x A x R 30 27.848 0.928
Total 95 253.195
Dominate
Source df SS MS F
Sex 1 9.595 9.595 2.067
Ss/Groups 6 27.850 4.642
Age 5 1.380 0.276 0.135
S x A 5 7.437 1.487 0.728
Ss/S x A 30 61.311 2 .044
Recipient 1 0.193 0.193 0.129
S x R 1 2.353 2.353 1.563
Ss/S x R 6 9.033 1.506
A x R 5 4.496 0.899 0.831
S x A x R 5 0.203 0.041 0.037
Ss/S x A x R 30 32.479 1.083
Total 95 156.332
Boxing Position
Source df SS MS F
Sex 1 1.672 1.672 0.572
Ss/Groups 6 17.534 2 .922
Age 5 4.481 0.986 1.447
S x A 5 1.847 0.369 0.596
Ss/S x A 30 18.584 0.619
Recipient 1 0.560 0.560 0.701
S x R 1 1.040 1.040 1.303
Ss/S x R 6 4.789 0.798
A x R 5 0.397 0.079 0.356
S x A x R 5 1.197 0.239 1.072
Ss/S x A x R 30 6.695 0.223
Total 95 58.795
Boxing
Source df SS MS F
Sex 1 0.732 0.732 0.270
Ss/Groups 6 16.277 2 .713
Age 5 1.964 0.393 0.635
S x A 5 2.494 0.499 0.807
Ss/S x A 30 18.557 0.619
Recipient 1 1.760 1.760 3.957
S x R 1 1.105 1.105 2.484
Ss/S x R 6 2.669 0.445
A x R 5 0.259 0.052 0.224
S x A x R 5 1.436 0.287 1.242
Ss/S x A x R 30 6.937 0.231
Total 95 54.190
Fighting
Source df SS MS F
Sex 1 0.611 0.611 0.031
Ss/Groups 6 116.633 19.439
Age 5 23.332 4.666 1.206
S x A 5 14.624 2.925 0.756
Ss/S x A 30 116.067 3.869
Recipient 1 1.421 1.421 0.689
S x R 1 7.605 7.605 3.690
Ss/S x R 6 12.365 2.061
A x R 5 6.201 1.240 1.364
S x A x R 5 2 .968 0.594 0.653
Ss/S x A x R 30 27.283 0.909
Total 95 329.111
Grooming
Source df SS MS F
Sex 1 9.582 9.582 1.848
Ss/Groups 6 31.116 5.186
Age 5 9.576 1.915 0.411
S x A 5 6.759 1.352 0.290
Ss/S x A 30 139.753 4.658
Recipient 1 0.412 0.412 0.136
S x R 1 4.891 4.891 1.609
Ss/S x R 6 18.234 3.039
A x R 5 11.730 2.346 2.575
S x A x R 5 1.114 0.223 0.244
Ss/S x A x R 30 27.337 0.911
Total 95 260.507
Touching Noses
Source df SS MS F
Sex 1 1.763 1.763 3.736
Ss/Groups 6 2.832 0.472
Age 5 1.601 0.320 0.492
S x A 5 1.548 0.310 0.475
Ss/S x A 30 19.536 0.651
Recipient 1 0.001 0.001 0.002
S x R 1 0.137 0.137 0.260
Ss/S x R 6 3.173 0.529
A x R 5 0.442 0.088 0.237
S x A x R 5 0.790 0.158 0.425
Ss/S x A x R 30 11.161 0.372
Total 95 42.985
Genital Nosing
Source df SS MS F
Sex 1 5.046 5.046 1.645
Ss/Groups 6 18.407 3.068
Age 5 6.749 1.350 0.885
S x A 5 1.722 0.344 0.226
Ss/S x A 30 45.728 1.524
Recipient 1 14.516 14.516 8.569
S x R 1 0.907 0.907 0.535
Ss/S x R 6 10.164 1.694
A x R 5 6.434 1.287 1.649
S x A x R 5 1.949 0.390 0.500
Ss/S x A x R 30 23.406 0.780
Total 95 135.028
Lordosis
Source df SS MS F
Sex 1 0.974 0.974 5.854
Ss/Groups 6 0.998 0.166
Age 5 0.160 0.232 0.581
S x A 5 1.298 0.260 0.650
Ss/S x A 30 11.972 0.399
Recipient 1 0.335 0.335 0.931
S x R 1 0.261 0.261 0.727
Ss/S x R 6 2.158 0.360
A x R 5 1.552 0.310 0.948
S x A x R 5 1.625 0.325 0.993
Ss/S x A x R 30 9.821 0.327
Total 95 32.153
Mounting
Source df SS MS F
Sex 1 1.589 1.589 5.306
Ss/Groups 6 1.797 0.299
Age 5 2.639 0.528 0.782
S x A 5 1.623 0.325 0.481
Ss/S x A 30 20.255 0.675
Recipient 1 0.834 0.834 3.513
S x R 1 0.719 0.719 3.029
Ss/S x R 6 1.425 0.238
A x R 5 1.997 0.399 0.999
S x A x R 5 1.505 0.301 0.753
Ss/S x A x R 30 11.989 0.400
Total 95 46.372
Manual Manipulation
Source df SS MS F
Sex 1 11.098 11.098 0.571
Ss/Groups 6 116.538 19.423
Age 5 26.795 5.359 1.208
S x A 5 18.181 3.636 0.820
Ss/S x A 30 133.065 4.436
Recipient 1 1.185 1.185 0.311
S x R 1 7.403 7.403 1.945
Ss/S x R 6 22.843 3.807
A x R 5 12 .276 2 .455 1.262
S x A x R 5 2 .086 0.417 0.214
Ss/S x A x R 30 58.371 1.946
Total 95 409.841
Trailing
Source df SS MS F
Sex 1 0.056 0.056 0.016
Ss/Groups 6 20.989 3.498
Age 5 3.451 0.690 0.687
S x A 5 4.231 0.846 0.842
Ss/S x A 30 30.142 1.005
Recipient 1 0.616 0.616 1.694
S x R 1 0.257 0.257 0.707
Ss/S x R 6 2.182 0.364
A x R 5 1.459 0.292 0.844
S x A x R 5 0.147 0.029 0.844
Ss/S x A x R 30 10.369 0.346
Total 95 73.900
Noncontact Play
Source df SS MS F
Sex 1 1.340 1.340 0.922
Ss/Groups 6 8.715 1.453
Age 5 1.323 0.265 0.864
S x A 5 1.415 0.283 0.924
Ss/S x A 30 9.185 0.306
Recipient 1 0.297 0.297 0.990
S x R 1 0.297 0.297 0.990
Ss/S x R 6 1.800 0.300
A x R 5 0.535 0.107 1.241
S x A x R 5 0.479 0.096 1.113
Ss/S x A x R 30 2 .585 0.086
Total 95 27.971
Nonsocial Behaviors in Period III
Exploration
Source df SS MS F
Rearing Condition 1 3.250 3.250 0.054
Sex 1 1.230 1.230 0.020
C x s 1 85.258 85.258 1.416
Ss/C x S 12 722.637 60.220
Age 5 529.531 105.906 2.500
C x A 5 169.559 33.912 0.801
S x A 5 520.750 104.150 2.459
C x S x A 5 216.363 43.273 1.022
Ss/C x S x A 60 2541.258 42.354
Total 95
Eating
4789.828
Source df SS MS F
Rearing Condition 1 73.613 73.613 0.790
Sex 1 2.633 2.633 0.028
C x S 1 101.188 101.188 1.086
Ss/C x S 12 1118.414 93.201
Age 5 31.117 6.223 0.143
C x A 5 261.590 52.318 1.201
S x A 5 26.254 5.251 0.120
C x S x A 5 107.848 21.570 0.495
Ss/C x S x A 60 2614.559 43.576
Total 95 4337.215
Drinking
Source df SS MS F
Rearing Condition 1 20.888 20.888 1.381
Sex 1 6.978 6.978 0.461
C x s 1 26.505 26.505 1.752
Ss/C x s 12 181.548 15.129
Age 5 26.651 5.330 0.476
C x A 5 65.712 13.142 1.174
S x A 5 130.210 26.042 2.327
C x S x A 5 37.715 7.543 0.674
Ss/C x S x A 60 671.420 11.190
Total 95
Carrying
1167.625
Source df SS MS F
Rearing Condition 1 4.343 4.343 1.307
Sex 1 0.916 0.916 0.276
C x S 1 1.871 1.871 0.563
Ss/C x S 12 39.891 3.324
Age 5 2.365 0.473 0.771
C x A 5 2.897 0.579 0.944
S x A 5 3.208 0.642 1.045
C x s X A 5 3.500 0.700 1.140
Ss/C x S x A 60 36.831 0.614
Total 95 95.823
Freezing
Source df SS MS F
Rearing Condition 1 7.941 7.941 2.786
Sex 1 1.862 1.862 0.653
C x S 1 2.121 2.121 0.744
Ss/C x S 12 34.197 2.850
Age 5 13.543 2.709 1.051
C x A 5 7.599 1.520 0.589
S x A 5 8.736 1.747 0.678
C x S x A 5 8.325 1.665 0.646
Ss/C x S x A 60 154.694 2.578
Total 95 239.018
Thigmotaxic Movement
Source df SS MS F
Rearing Condition 1 9.148 9.148 0.486
Sex 1 21.746 21.746 1.154
C x S 1 1.547 1.547 0.082
Ss/C x s 12 226.078 18.840
Age 5 567.566 113.513 8.725
C x A 5 56.270 11.254 0.865
S x A 5 156.641 31.328 2.408
C x S x A 5 44.266 8.853 0.681
Ss/C x S x A 60 780.578 13.010
Total 95 1863.840
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Oral Self-Manipulation
Source df SS MS F
Rearing Condition 1 0.023 0.023 0.858
Sex 1 0.049 0.049 1.820
C x S 1 0.007 0.007 0.266
Ss/C x S 12 0.323 0.027
Age 5 0.099 0.020 0.636
C x A 5 0.159 0.032 1.025
S x A 5 0.133 0.027 0.858
C x S x A 5 0.175 0.035 1.127
Ss/C x S x A 60 1.864 0.031
Total 95 2.833
Reflexive Behavior
Source df SS MS F
Rearing Condition 1 2.559 2.559 0.746
Sex 1 20.490 20.490 5.977
C x s 1 3.259 3.259 0.951
Ss/C x S 12 41.135 3.428
Age 5 17.410 3.482 2.522
C x A 5 7.868 1.574 1.140
S x A 5 10.876 2.175 1.575
C x S x A 5 5.085 1.017 0.737
Ss/C x S x A 60 82.844 1.381
Total 95 191.525
Nonthigmotaxic Movement
Source df SS MS F
Rearing Condition 1 7.871 7.871 0.324
Sex 1 167.539 167.539 6.891
C x S 1 3.759 3.750 0.154
Ss/C x S 12 291.773 24.314
Age 5 319.207 63.841 4.049
C x A 5 31.066 6.213 0.394
S x A 5 135.445 2 7.089 1.718
C x S x A 5 23.973 4.795 0.304
Ss/C x S x A 60 946.094 15.768
Total 95 1926.719
Manual Self-Manipulation
Source df SS MS F
Rearing Condition 1 0.002 0.002 0.153
Sex 1 0.053 0.053 4.188
C x s 1 0.012 0.012 0.983
Ss/C x S 12 0.151 0.013
Age 5 0.111 0.022 1.977
C x A 5 0.113 0.023 2.023
S x A 5 0.119 0.024 2.125
C x S x A 5 0.075 0.015 1.349
Ss/C x S x A 60 0.671 0.011
Total 95 1.308
Defecation-Urination
Source df SS MS
Rearing Condition 1 0.002 0.002 0.014
Sex 1 0.146 0.146 1.196
C x S 1 0.307 0.307 2.508
Ss/C X S 12 1.470 0.122
Age 5 0.538 0.108 0.998
C x A 5 0.870 0.174 1.613
S x A 5 0.285 0.057 0.528
C x S x A 5 0.355 0.071 0.659
Ss/C x S x A 60 6.472 9.108
Total 95 10.445
Scratching
Source df SS MS F
Rearing Condition 1 0.285 0.285 0.009
Sex 1 78.230 78.230 2.336
C x S 1 0.816 0.816 0.024
Ss/C x S 12 401.887 33.491
Age 5 42.195 8.439 0.548
C x A 5 101.230 20.246 1.314
S x A 5 78.324 15.665 1.016
C x S x A 5 72.273 14.455 0.938
Ss/C x S x A 60 924.816 15.414
Total 95 1700.059
Posterior Self-Groom
Source df SS MS F
Rearing Condition 1 56.156 56.156 0.555
Sex 1 111.680 111.680 1.104
C x S 1 83.672 83.672 0.827
Ss/C x S 12 1213.566 101.131
Age 5 390.680 78.136 1.926
C x A 5 146.219 29.244 0.721
S x A 5 116.328 23.266 0.573
C x S x A 5 97.414 19.483 0.480
Ss/C x S x A 60 2434.293 40.572
Total 95 4650.008
Anterior Self--Groom
Source df SS MS F
Rearing Condition 1 1.835 1.835 0.745
Sex 1 7.543 7.543 3.064
C x S 1 0.089 0.089 0.036
Ss/C x S 12 29.540 2.462
Age 5 2.749 0.550 0.363
C x A 5 4.030 0.806 0.532
S x A 5 3.317 0.663 0.438
C x S X A 5 1.200 0.240 0.158
Ss/C x S x A 60 90.825 1.514
Total 95 141.12 7
Pace Self-Groom
Source df SS MS F
Rearing Condition 1 4.809 4.809 0.711
Sex 1 0.052 0.052 0.008
C x S 1 1.145 1.145 0.169
Ss/C x S 12 81.114 6.759
Age 5 10.147 2.029 0.485
C x A 5 25.275 5.055 1.207
S x A 5 25.129 5.026 1.200
C x S x A 5 7.503 1.501 0.358
Ss/C x S x A 60 251.259 4.188
Total 95
Resting
406.434
Source df SS MS F
Rearing Condition 1 41.523 41.523 0.212
Sex 1 456.000 456.000 2.327
C x S 1 0.313 0.313 0.002
Ss/C x s 12 2351.945 195.995
Age 5 2105.086 421.017 4.893
C x A 5 206.656 41.331 0.480
S x A 5 568.969 113.794 1.322
C x s x A 5 619.102 123.820 1.439
Ss/C x S x A 60 5163.137 86.052
Total 95 11512.730
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Self-Play
Source df SS MS F
Rearing Condition 1 0.005 0.005 2.000
Sex 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
C x S 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
Ss/C x S 12 0.027 0.002
Age 5 0.009 0.002 0.800
C x A 5 0.009 0.002 0.800
S x A 5 0.014 0.003 1.200
C x S x A 5 0.014 0.003 1.200
Ss/C x S x A 60 0.136 0.002
Total 95 0.213
Manual Manipulation
Source df SS MS F
Rearing Condition 1 36.602 36.602 0.339
Sex 1 0.449 0.449 0.004
C x S 1 73.621 73.621 0.683
Ss/C x S 12 1293.961 107.830
Age 5 30.957 6.191 0.140
C x A 5 254.652 50.930 1.153
S x A 5 36.914 7.383 0.167
C x S x A 5 208.965 41.793 0.946
Ss/C x S x A 60 2651.055 44.184
Total 95 458.176
Oral Manipulation
Source df SS MS F
Rearing Condition 1 5.990 5.990 0.690
Sex 1 26.355 26.355 3.035
C x s 1 5.85.1 5.851 0.674
Ss/C x S 12 104.215 8.685
Age 5 23.464 4.693 1.658
C x A 5 8.506 1.701 0.601
S x A 5 36.382 7.276 2.571
C x S x A 5 18.715 3.743 1.322
Ss/C x S x A 60 169.842 2.831
Total 95 399.320
Social Behaviors in Period III
Huddling
Source df SS MS P
Rearing Condition 1 121.484 121.484 1.888
Sex 1 70.820 70.820 1.101
S x C 1 4.555 4.555 0.071
Ss/C x C 12 771.992 64.333
Age 5 318.865 63.773 1.444
C x A 5 243.469 48.694 1.102
S x A 5 190.058 38.012 0.861
C x S x A 5 56.953 11.391 0.258
Ss/C x S x A 60 2650.326 44.172 3.074
Recipient 1 34.946 34.946 3.074
C x R 1 12.102 12.102 1.064
S x R 1 0.205 0.205 0.018
C x S x R 1 148.094 148.094 13.026
Ss/C x S x R 12 136.430 11.369
A x R 5 75.920 15.184 0.748
C x A x R 5 83.633 16.727 0.825
S x A x R 5 73.343 14.669 0.723
C x S x A x R 5 202.354 40.471 1.995
Ss/C x S x A x R 60 1217.191 20.287
Total 191 6412.789
Nonspecific Contact
Source df SS MS F
Rearing Condition 1 627.375 627.375 6.847
Sex 1 960.000 960.000 10.477
S x C 1 262.500 262.500 2.865
Ss/S x C 12 1099.500 91.625
Age 5 827.500 165.500 2.833
C x A 5 305.563 61.112 1.046
S x A 5 297.000 59.400 1.017
C x S x A 5 305.625 61.125 1.046
Ss/C x S x A 60 3505.313 58.422
Recipient 1 273.625 273.625 4.138
C x R 1 3.000 3.000 0.045
S x R 1 163.813 163.813 2.478
C x S x R 1 1010.750 1010.750 15.287
Ss/C x S x R 12 793.438 66.120
A x R 5 184.750 36.950 0.787
C x A x R 5 105.563 21.112 0.450
S x A x R 5 194.188 38.837 0.827
C x S x A x R 5 409.688 81.938 1.746
Ss/C x S x A x R 60 2816.688 46.936
Total 191 14145.370
Nosing
Source df SS MS F
Rearing Condition 1 29.703 29.703 0.752
Sex 1 490.305 490.305 12.415
S x C 1 9.578 9.578 0.243
Ss/S x c 12 473.902 39.492
Age 5 1245.715 249.143 9.870
C x A 5 161.242 32.248 1.278
S x A 5 55.031 11.006 0.436
C x S x A 5 140.789 28.158 1.116
Ss/C x S x A 60 1514.480 25.241
Recipient 1 8.996 8.996 0.391
C x R 1 3.863 3.863 0.168
S x R 1 20.707 20.707 0.901
C x S x R 1 0.496 0.496 0.022
Ss/C x S x R 12 275.797 22.983
A x R 5 39.063 7.813 1.210
C x A x R 5 19.719 3.944 0.611
S x A x R 5 20.070 4.014 0.622
C x S x A x R 5 33.242 6.648 1.030
Ss/C x S x A x R 60 387.367 6.456
Total 191 4930.180
Threat
Source df SS MS F
Rearing Condition 1 2.929 2.929 0.375
Sex 1 22.053 22.053 2.825
S x C 1 15.818 15.818 2 .027
Ss/S x C 12 93.662 7.805
Age 5 20.056 4.011 1.564
C x A 5 12.023 2.405 0.938
S x A 5 6.919 1.384 0.540
C x S x A 5 19.725 3.945 1.538
Ss/C x S x A 60 153.860 2.564
Recipient 1 18.707 18.707 3.562
C x R 1 0.466 0.466 0.089
S x R 1 26.410 26.410 5.042
C x S x R 1 5.526 5.526 1.055
Ss/C x S x R 12 62.854 5.238
A x R 5 8.529 1.706 1.094
C x A x R 5 5.188 1.038 0.665
S x A x R 5 3.304 0.661 0.424
C x S x A x R 5 2.143 0.429 0.275
Ss/C x S x A x R 60 93.591 1.560
Total 191 573.764
Threat-Approach
Source df SS MS F
Rearing Condition 1 0.015 0.015 0.011
Sex 1 13.199 13.199 10.248
S x C 1 0.557 0.557 0.432
Ss/S x C 12 15.454 1.288
Age 5 5.966 1.393 2.581
C x A 5 1.142 0.228 0.423
S x A 5 9.739 1.948 3.609
C x S x A 5 1.965 0.393 0.728
Ss/C x S x A 60 32.382 0.540
Recipient 1 7.458 7.458 5.813
C x R 1 0.024 0.024 0.019
S x R 1 10.314 10.314 8.039
C x S x R 1 0.002 0.002 0.001
Ss/C x S x R 12 15.396 1.283
A x R 5 5.546 1.109 2.363
C x A x R 5 2.396 0.479 1.021
S x A x R 5 4.969 0.994 2.117
C x S x A x R 5 0.428 0.086 0.183
Ss/C x S x A x R 60 28.161 0.469
Total 191 156.113
Crawling
Source df SS MS F
Rearing Condition 1 1.413 1.413 1.128
Sex 1 0.075 0.075 0.060
S x c 1 2.695 2.695 2 .151
Ss/S x C 12 15.034 1.253
Age 5 16.673 3.335 4.837
C x A 5 2.776 0.555 0.805
S x A 5 2.949 0.590 0.856
C x S x A 5 2 .118 0.424 0.614
Ss/c x s X A 60 41.362 0.689
Recipient 1 0.546 0.546 1.318
C x R 1 1.239 1.239 2.993
S x R 1 0.936 0.936 2.260
C x S x R 1 0.482 0.482 1.164
Ss/C x S x R 12 4.969 0.414
A x R 5 0.588 0.118 0.331
C x A x R 5 1.284 0.257 0.724
S x A x R 5 4.660 0.932 2 .628
C x S x A x R 5 3.448 0.690 1.944
Ss/C x S x A x R 60 21.283 0.355
Total 191 124.531
Withdraw
Source df SS MS F
Rearing Condition 1 1.799 1.799 1.101
Sex 1 5.461 5.461 3.343
S x C 1 0.033 0.033 0.020
Ss/S x C 12 19.602 1.634
Age 5 17.163 3.433 2.335
C x A 5 8.130 1.626 1.106
S x A 5 5.848 1.170 0.796
C x S x A 5 10.706 2.141 1.456
Ss/C x S x A 60 88.208 1.470
Recipient 1 12.212 12.212 8.562
C x R 1 0.416 0.416 0.291
S x R 1 1.459 1.459 1.023
C x S x R 1 0.019 0.019 0.014
Ss/C x S x R 12 17.115 1.426
A x R 5 5.043 1.009 0.820
C x A x R 5 7.648 1.530 1.243
S x A x R 5 4.585 0.917 0.745
C x S x A x R 5 8.627 1.725 1.402
Ss/C x S x A x R 60 73.816 1.230
Total 191 287.891
Bite
Source df SS MS F
Rearing Condition 1 0.577 0.577 0.158
Sex 1 7.192 7.192 1.976
S x C 1 1.940 1.940 0.533
Ss/S x C 12 43.672 3.639
Age 5 3.747 0.749 1.220
C x A 5 5.323 1.065 1.733
S x A 5 2.887 0.577 0.940
C x S x A 5 3.036 0.607 0.989
Ss/C x S x A 60 36.852 0.614
Recipient 1 2.046 2.046 0.849
C x R 1 4.177 4.177 1.733
S x R 1 6.249 6.249 2.593
C x S x R 1 1.151 1.151 0.478
Ss/C x S x R 12 28.915 2.410
A x R 5 2.569 0.514 0.734
C x A x R 5 5.453 1.091 1.558
S x A x R 5 3.752 0.750 1.072
C x S x A x R 5 2.719 0.544 0.777
Ss/C x S x A x R 60 42.012 0.700
Total 191 204.271
Submission
Source df SS MS F
Rearing Condition 1 0.149 0.149 0.084
Sex 1 13.209 13.209 7.488
S X C 1 0.835 0.835 0.473
Ss/S x C 12 21.170 1.764
Age 5 8.473 1.695 1.152
C x A 5 9.161 1.832 1.245
S x A 5 3.313 0.663 0.450
C x S x A 5 10.630 2.126 1.445
Ss/C x S x A 60 88.274 1.471
Recipient 1 11.574 11.574 7.233
C x R 1 2.403 2.403 1.501
S x R 1 0.994 0.994 0.621
C x S x R 1 3.214 3.214 2.008
Ss/C x S x R 12 19.203 1.600
A x R 5 7.852 1.570 1.543
C x A x R 5 1.085 0.217 0.213
S x A x R 5 12.221 2.444 2.402
C x S x A x R 5 3.520 0.704 0.692
Ss/C x S x A x R 60 61.064 1.018
Total 191 278.345
Dominate
Source df SS MS F
Rearing Condition 1 20.890 20.890 8.604
Sex 1 41.861 41.861 17.241
s X c 1 3.993 3.993 1.644
Ss/S X C 12 29.136 2.428
Age 5 6.719 1.344 1.381
C x A 5 3.337 0.667 0.686
S x A 5 4.223 0.845 0.868
C x S x A 5 3.737 0.747 0.768
Ss/C x S x A 60 58.394 0.973
Recipient 1 7.431 7.431 21.033
C x R 1 0.011 0.011 0.031
S x R 1 0.405 0.405 1.146
C x S x R 1 3.390 3.390 9.595
Ss/c X s X R 12 4.240 0.353
A x R 5 4.172 0.834 1.030
C x A x R 5 9.856 1.971 2 .434
S x A x R 5 8.138 1.628 2.010
C x S x A x R 5 8.295 1.659 2.049
Ss/C x S x A x R 60 48.582 0.810
Total 91 266.811
Boxing Position
Source df SS MS F
Rearing Condition 1 1.638 1.638 0.575
Sex 1 83.649 83.649 29.355
S x c 1 6.790 6.790 2.383
Ss/S x C 12 34.194 2.850
Age 5 18.913 3.783 1.877
C x A 5 10.475 2.095 1.040
S x A 5 6.533 1.307 0.648
C x S x A 5 10.783 2.157 1.070
Ss/C x S x A 60 120.915 2.015
Recipient 1 39.106 39.106 11.087
C x R 1 1.129 1.129 0.320
S x R 1 46.285 46.285 13.122
C x S x R 1 0.074 0.074 0.021
Ss/C x S x R 12 42.327 3.527
A x R 5 8.579 1.716 0.902
C x A x R 5 7.500 1.500 0.789
S x A x R 5 5.493 1.009 0.578
C x S x A x R 5 2.492 0.498 0.262
Ss/C x S x A x R 60 114.098 1.902
Total 191 560.975
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Boxing
Source df SS MS F
Rearing Condition 1 5.045 5.045 5.530
Sex 1 29.768 29.768 32.635
S x C 1 0.163 0.163 0.178
Ss/S x C 12 10.946 0.912
Age 5 8.495 1.699 2.906
C x A 5 3.551 0.710 1.215
S x A 5 0.567 0.113 0.194
C x S x A 5 1.790 0.358 0.613
Ss/C x S x A 60 35.075 0.585
Recipient 1 17.594 17.594 23.943
C x R 1 7.679 7.679 10.450
S x R 1 19.763 19.763 26.894
C x S x R 1 8.053 8.053 10.958
Ss/C x S x R 12 8.818 0.735
A x R 5 1.422 0.284 0.495
C x A x R 5 2.640 0.528 0.920
S x A x R 5 4.470 0.894 1.558
C x S x A x R 5 0.953 0.191 0.332
Ss/C x S x A x R 60 34.436 0.574
Total 191 201.232
Fighting
Source df SS MS F
Rearing Condition 1 4.694 4.694 5.157
Sex 1 5.109 5.109 5.613
S x C 1 0.425 0.425 0.467
Ss/S x C 12 10.939 0.910
Age 5 12.824 2.565 4.975
C x A 5 3.698 0.740 1.435
S x A 5 9 .424 1.885 3.656
C x S x A 5 1.369 0.274 0.531
Ss/C x S x A 60 30.933 0.516
Recipient 1 0.246 0.246 0.665
C x R 1 0.405 0.405 1.096
S x R 1 0.504 0.504 1.365
C x S x R 1 0.001 0.001 0.002
Ss/C x S x R 12 4.431 0.369
A x R 5 0.416 0.083 0.344
C x A x R 5 1.110 0.222 0.918
S x A x R 5 1.206 0.241 0.998
C x S x A x R 5 0.385 0.077 0.319
Ss/C x S x A x R 60 14.506 0.242
Total 191 102.612
Grooming
Source df SS MS F
Rearing Condition 1 9.377 9.377 5.407
Sex 1 14.791 14.791 8.529
S x C 1 13.245 13.245 7.637
Ss/S x C 12 20.812 1.734
Age 5 4.242 0.848 0.347
C x A 5 4.847 0.971 0.397
S x A 5 5.399 1.080 0.442
C x S x A 5 14.871 2.974 1.217
Ss/C x S x A 60 146.639 2.444
Recipient 1 6.168 6.168 8.001
C x R 1 -0.001 -0.001 -0.001
S x R 1 6.581 6.581 8.537
C x S x R 1 0.001 0.001 0.001
Ss/C x S x R 12 9.251 0.771
A x R 5 3 .100 0.620 0.651
C x A x R 5 2.343 0.469 0.492
S x A x R 5 4.004 0.801 0.840
C x S x A x R 5 6.096 1.219 1.279
Ss/C x S x A x R 60 57.188 0.953
Total 191 328.969
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Touching Noses
Source df SS MS F
Rearing Condition 1 1.422 1.422 0.545
Sex 1 38.726 38.726 14.828
S x C 1 3.750 3.750 1.436
Ss/S x C 12 31.340 2.612
Age 5 22.992 4.598 2.151
C x A 5 16.338 3.268 1.529
S x A 5 9.291 1.858 0.869
C x S x A 5 16.082 3.216 1.505
Ss/C x S x A 60 128.241 2.137
Recipient 1 19.300 19.300 5.013
C x R 1 0.149 0.149 0.039
S x R 1 19.094 19.094 4.960
C x S x R 1 1.857 1.857 0.482
Ss/C x S x R 12 46.195 3.850
A x R 5 18.153 3.631 2.221
C x A x R 5 6.113 1.227 0.750
S x A x R 5 11.038 2 .208 1.351
C x S x A x R 5 14.615 2.923 1.788
Ss/C x S x A x R 60 98.067 1.634
Total 191 502.782
Genital Nosing
Source df SS MS F
Rearing Condition 1 1.094 1.094 0.216
Sex 1 45.543 45.543 8.988
s X c 1 0.047 0.047 0.009
Ss/S x c 12 60.806 5.067
Age 5 24.046 5.809 3.946
C x A 5 5.573 1.115 0.914
S x A 5 0.955 0.191 0.157
C x S x A 5 8.330 1.666 1.367
Ss/C x S x A 60 73.132 1.219
Recipient 1 80.381 80.381 39.987
C x R 1 2.757 2.757 1.371
S x R 1 36.182 36.182 18.000
C x S x R 1 0.176 0.176 0.088
Ss/C x S x R 12 24.122 2.010
A x R 5 4.990 0.998 1.090
C x A x R 5 3.683 0.737 0.804
S x A x R 5 1.343 0.269 0.293
C x S x A x R 5 5.287 1.057 1.154
Ss/C x S x A x R 60 54.950 0.916
Total 191 433.401
Lordosis
Source df SS MS P
Rearing Condition 1 1.817 1.817 6.585
Sex 1 2.223 2.223 8.055
S x C 1 1.817 1.817 6.585
Ss/S x C 12 3.312 0.276
Age 5 4.714 0.943 1.859
C x A 5 4.556 0.911 1.797
S x A 5 4.714 0.943 1.859
C x S x A 5 4.556 0.911 1.797
Ss/C x S x A 60 30.423 0.507
Recipient 1 0.058 0.058 0.075
C x R 1 0.083 0.083 0.107
S x R 1 0.058 0.058 0.075
C x S x R 1 0.083 0.083 0.107
Ss/C x S x R 12 9.323 0.777
A x R 5 0.866 0.173 0.219
C x A x R 5 0.771 0.154 0.195
S x A x R 5 0.866 0.173 0.219
C x S x A x R 5 0.771 0.154 0.195
Ss/C x S x A x R 60 47.476 0.791
Total 191 118.490
Mounting
Source df SS MS F
Rearing Condition 1 0.029 0.029 0.085
Sex 1 3.250 3.250 9.661
S x C 1 0.058 0.058 0.173
Ss/S x C 12 4.037 0.336
Age 5 2.880 0.576 1.544
C x A 5 0.092 0.018 0.050
S x A 5 3.052 0.610 1.636
C x S x A 5 0.157 0.031 0.084
Ss/C x S x A 60 22.385 0.373
Recipient 1 2.916 2.916 7.542
C x R 1 0.037 0.037 0.095
S x R 1 2.674 2.674 6.918
C x S x R 1 0.070 0.070 0.180
Ss/C x S x R 12 4.639 0.387
A x R 5 2.905 0.581 1.628
C x A x R 5 0.121 0.024 0.068
S x A x R 5 3.115 0.623 1.746
C x S x A x R 5 0.120 0.024 0.067
Ss/C x S x A x R 60 21.415 0.357
Total 191 73.951
Noncontact Play
Source df SS MS F
Rearing Condition 1 0.005 0.005 1.793
Sex 1 0.001 0.001 0.207
S x C 1 0.001 0.001 0.207
Ss/S X C 12 0.035 0.003
Age 5 0.012 0.002 0.841
C x A 5 0.012 0.002 0.841
S x A 5 0.017 0.003 1.159
C x S x A 5 0.017 0.003 1.159
Ss/C x S x A 60 0.174 0.003
Recipient 1 0.005 0.005 1.793
C x R 1 0.005 0.005 1.793
S x R 1 0.001 0.001 0.207
C x S x R 1 0.001 0.001 0.207
Ss/C x S x R 12 0.035 0.003
A x R 5 0.012 0.002 0.841
C x A x R 5 0.012 0.002 0.841
S x A x R 5 0.017 0.003 1.159
C x S x A x R 5 0.017 0.003 1.159
Ss/C x S x A x R 60 0.174 0.003
Total 191 0.553
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Manual Manipulation
Source df SS MS P
Rearing Condition 1 113.782 113.782 7.848
Sex 1 35.328 35.328 2.437
S x C 1 -0.062 -0.062 -0.004
Ss/S x C 12 173.968 14.497
Age 5 335.884 67.177 11.337
C x A 5 55.801 11.160 1.883
S x A 5 43.075 8.615 1.454
C x S x A 5 49.988 9.998 1.687
Ss/C x S x A 60 355.535 5.925
Recipient 1 65.071 65.071 7.648
C x R 1 1.914 1.914 0.225
S x R 1 0.102 0.102 0.012
C x S x R 1 0.608 0.608 0.071
Ss/C x S x R 12 102.094 8.508
A x R 5 17.402 3.480 0.937
C x A x R 5 14.697 2.939 0.791
S x A x R 5 17.666 3.533 0.951
C x S x A x R 5 47.333 9.467 2.549
Ss/C x S x A x R 60 222.860 3.714
Total 191 1653.102
Trailing
Source df SS MS F
Rearing Condition 1 1.146 1.146 0.465
Sex 1 51.554 51.554 20.925
S x C 1 3.793 3.793 1.540
Ss/S x C 12 29.565 2.464
Age 5 28.924 5.785 3.419
C x A 5 2.121 0.424 0.251
S x A 5 7.016 1.403 0.829
C x S x A 5 6.684 1.337 0.790
Ss/C x S x A 60 101.513 1.692
Recipient 1 1.094 1.094 0.368
C x R 1 0.020 0.020 0.007
S x R 1 0.111 0.111 0.037
C x S x R 1 0.441 0.441 0.148
Ss/C x S x R 12 35.700 2.975
A x R 5 10.559 2.112 1.518
C x A x R 5 5.681 1.136 0.817
S x A x R 5 12.914 2.583 1.857
C x S x A x R 5 5.909 1.182 0.850
Ss/C x S x A x R 60 83.456 1.391
Total 191 388.205
Oral Manipulation
Source df SS MS F
Rearing Condition 1 0.002 0.002 0.673
Sex 1 0.000 0.000 0.000
S x C 1 0.002 0.002 0.673
Ss/S x C 12 0.042 0.003
Age 5 0.012 0.002 0.669
C x A 5 0.018 0.004 1.065
S x A 5 0.021 0.004 1.200
C x S x A 5 0.018 0.004 1.065
Ss/C x S x A 60 0.208 0.003
Recipient 1 0.002 0.002 0.673
c  X R 1 0.009 0.009 2.653
S x R 1 0.002 0.002 0.673
C x S x R 1 0.000 0.000 0.000
Ss/C x S x R 12 0.042 0.003
A x R 5 0.018 0.004 1.065
C x A x R 5 0.012 0.002 0.669
S x A x R 5 0.018 0.004 1.065
C x S x A x R 5 0.021 0.004 1.200
Ss/C x S x A x R 60 0.208 0.003
Total 191 0.657
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